Excipient hydrolysis and ester formation increase pH in a parenteral solution over aging.
Recently, the number of drug substances that are poorly water-soluble has increased dramatically. This makes improving solubility one of the most critical tasks in pharmaceutical development today. In this study, the physicochemical stability of an injectable solution of conivaptan hydrochloride salt was investigated. Because its free form is hydrophobic, the drug substance was solubilized in a co-solvent system, 40% of which was composed of different alcohols. Since the free form is also alkaline, lactic acid was added to the co-solvent system to further improve its solubility. Remarkably, the pH of the solution was found to increase gradually over time. Considering the physicochemical nature of the drug substance, uncontrolled increases in pH would pose a potential threat of reducing solubility and forming precipitates. For this reason, a risk evaluation was performed. The evaluation revealed that the pH increase was caused by the hydrolysis of lactic acid oligomers as well as by the ester formation occurring between lactic acid and the alcohols. High concentrations of lactic acid supplied as an excipient usually contain lactic acid oligomers, which are hydrolyzed into lactic acid monomers upon dilution with water. Commercial software was used to determine the pK(a) values of the lactic acid oligomers, which were found to be lower than that of lactic acid monomers. This indicates that hydrolysis causes the pH to increase. Ester formation consumes the acid, which also causes the pH to increase. However, both hydrolysis and ester formation equilibrated by the 16-month time point when stored at 25 degrees C. This information allowed the upper limit of the pH increase to be determined molecularly, thereby ensuring product quality through the prevention of precipitate formation due to reduced solubility. Increased awareness of the importance of risk evaluation in pharmaceutical development is critical as these kinds of chemical reactions between excipients constitute a potential risk factor, but tend to be overlooked.